The crystal structure and chemical formula of zvyaginite, ideally Na 2 ZnTiNb 2 (Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 , a lamprophyllite-group mineral of the seidozerite supergroup from the type locality, Mt. Malyi Punkaruaiv, Lovozero alkaline massif, Kola Peninsula, Russia have been revised. The crystal structure was refined with a new origin in space group C1, a = 10.769(2), b = 14.276(3), c = 12.101(2) Å, α = 105.45(3), β = 95.17(3), γ = 90.04(3)°, V = 1785.3(3.2) Å 3 , R 1 = 9.23%. The electron-microprobe analysis gave the following empirical formula [ 4 , Z = 4. Electron-diffraction patterns have prominent streaking along c* and HRTEM images show an intergrowth of crystalline zvyaginite with two distinct phases, both of which are partially amorphous. The crystal structure of zvyaginite is an array of TS (Titanium-Silicate) blocks connected via hydrogen bonds between H 2 O groups. The TS block consists of HOH sheets (H = heteropolyhedral, O = octahedral) parallel to (001). In the O sheet, the [6] M O (1,4,5) sites are occupied mainly by Ti, Zn and Na and the [6] M O (2,3) sites are occupied by Na at less than 50%. In the H sheet, the [6] M H (1,2) sites are occupied mainly by Nb and the [8] A P (1) and [8] A P (2) sites are occupied mainly by Na and □. The M H and A P polyhedra and Si 2 O 7 groups constitute the H sheet. The ideal structural formula is Na□Nb 2 NaZn□Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 . Zvyaginite is a Zn-bearing and Na-poor analogue of epistolite, ideally (Na□)Nb 2 Na 3 Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 . Epistolite and zvyaginite are related by the following substitution in the O sheet of the TS-block: (Na þ 2 ) epi ↔ Zn 2þ zvy + □ zvy . The doubling of the t 1 and t 2 translations of zvyaginite relative to those of epistolite is due to the order of Zn and Na along a (t 1 ) and b (t 2 ) in the O sheet of zvyaginite.
M
O (1,4,5) sites are occupied mainly by Ti, Zn and Na and the [6] M O (2,3) sites are occupied by Na at less than 50%. In the H sheet, the [6] M H (1,2) sites are occupied mainly by Nb and the [8] A P (1) and [8] A P (2) sites are occupied mainly by Na and □. The M H and A P polyhedra and Si 2 O 7 groups constitute the H sheet. The ideal structural formula is Na□Nb 2 NaZn□Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 . Zvyaginite is a Zn-bearing and Na-poor analogue of epistolite, ideally (Na□)Nb 2 Na 3 Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 . Epistolite and zvyaginite are related by the following substitution in the O sheet of the TS-block: (Na Introduction ZVYAGINITE was described from the Lovozero alkaline massif, Kola Peninsula, Russia by Pekov et al. (2014) . They reported a structural model for *E-mail: elena_sokolova@umanitoba.ca https://doi.org/10. 1180/minmag.2017.081.015 zvyaginite: space group P1, a = 8.975(3), b = 8.979 (3), c = 12.135(4) Å, α = 74.328(9), β = 80.651(8), γ = 73.959(8)°, V = 900.8(6) Å 3 , R 1 = 15.9% and gave the simplified and idealized formulae as NaZnNb 2 Ti(Si 2 O 7 ) 2 O(OH,F) 3 (H 2 O) 4+x (x < 1) and NaZnNb 2 Ti(Si 2 O 7 ) 2 O(OH) 3 (H 2 O) 4 , Z = 2. They stated that zvyaginite and epistolite [ideally (Na□)Nb 2 Na 3 Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4, space group P1, a = 5.460(1), b = 7.170(1), c = 12.041 (2) A, α = 103.63(3), β = 96.01(3), γ = 89.98(3)°, V = 455.4(5) Å 3 , R 1 = 9.8%, Sokolova and Hawthorne (2004) ] are topologically identical but differ in composition of the O sheet in the HOH block, where partial substitution of Zn 2+ for Na + occurs.
Zvyaginite and epistolite are lamprophyllitegroup minerals of the seidozerite supergroup (Sokolova and Cámara, 2017) . The forty-five seidozerite-supergroup minerals have structures based on a TS-block (TS = Titanium-Silicate). The TS-block consists of HOH sheets (H = heteropolyhedral, O = octahedral) and is characterized by a planar cell based on translation vectors, t 1 and t 2 , with t 1 ≈ 5.5 and t 2 ≈ 7 Å and t 1^t2 close to 90° (Sokolova, 2006; Sokolova and Cámara, 2013, 2016) . The seidozerite-supergroup minerals are divided into four groups based on the content of Ti (+ Nb + Zr + Fe 3+ + Mg + Mn), topology, chemical composition and stereochemistry of the TS block: rinkite group: Ti = 1 apfu (atoms per formula unit); bafertisite group: Ti = 2 apfu; lamprophyllite group: Ti = 3 apfu; murmanite group: Ti = 4 apfu. The four groups correspond to Groups I, II, III and IV of Sokolova (2006) .
Ideal structural formulae of the lamprophyllitegroup minerals with basic structures are given in Table 1 . The lamprophyllite-group minerals with derivative structures: bornemanite , nechelyustovite (Cámara and Sokolova, 2009) , kazanskyite (Cámara et al., 2012) and saamite (Cámara et al., 2014) are not listed in the Table 1 as their structures are combination of structural fragments of basic structures of the lamprophyllite group [for the definition of basic and derivative structures see Sokolova and Cámara (2013) ].
We considered the crystal structure of zvyaginite (Pekov et al., 2014) and found some unresolved problems: (1) Their empirical formula, Na (Σanions = 22.64 apfu) and the structure-refinement results give (H 2 O) 4 (Σanions = 22.00 apfu); hence there is significant disagreement between the chemical analysis and the structure-refinement results. (2) Aspects of the structure-refinement results raised questions about the correctness of the crystal-structure model: (a) ratios of U eq for cations at the Nb(1) and Nb(2) sites and Zn(1) and Zn(2) sites were 3:1 and 1:3, respectively (Table 3) ; (b) Some interatomic distances were too long, e.g.
[6] Zn(2)-O(6) = 2.88 Å. (3) No quantitative relation between zvyaginite and epistolite was suggested.
We have re-examined zvyaginite as we wish to (1) relate epistolite and zvyaginite via the substitution mechanism in a quantitative way, and (2) understand the doubling of the t 1 and t 2 translations.
The forty-three TS-block structures of the seidozerite supergroup have unit cells based on translation vectors, t 1 and t 2 (Sokolova and Cámara, 2017) , and only two structures, zvyaginite (Pekov et al., 2014) and vigrishinite, Zn 2 Ti 4-x (Si 2 O 7 ) 2 O 2-(OH,F,O) 2 (H 2 O,OH,□) 4 , x < 1 (Pekov et al., 2013; Lykova et al., 2015) , have unit cells based on the two diagonals of the planar cell: a zvy = -t 1 + t 2 and b zvy = t 1 + t 2. Such description of the crystal structure of zvyaginite complicates comparison of zvyaginite to epistolite (see the unit cell of epistolite above) and other TS-block structures.
Here, we report revision of the crystal structure of zvyaginite with a different origin and the refinement of the structure in space group C1 for better comparison with all other TS-block structures; we will explain doubling of the t 1 and t 2 translations of zvyaginite relative to those translations in epistolite and revise the chemical formula of zvyaginite.
Description of the sample

Sample description
We obtained several fragments of a zvyaginite sample from an American mineral collector. This sample comes from the type locality, Mt. Malyi Punkaruaiv, Lovozero alkaline massif, Kola Peninsula, Russia (Pekov et al., 2014) . From those fragments, we extracted five crystals for which we collected single-crystal X-ray data. Based on the unit-cell parameters, three crystals were identified as zvyaginite and two crystals as vigrishinite. The three crystals of zvyaginite are transparent colorless thin plates. In this paper, we report the structure solution and refinement results for crystal #3; crystal #2 of zvyaginite was used for the microprobe analysis. The most recent reference on the structure: (1) Krivovichev et al. (2003) ; (2) Ercit et al. (1998) ; (12) Sokolova and Cámara (2007) .
Transmission electron microscopy (TEM)
We prepared three different zvyaginite samples 2-3 mm in width for transmission electron microscopy (TEM) by selecting crystals with evident {001} cleavage and well-developed lateral crystal faces, useful for approximate pre-orientation along the main lattice vectors. Each pre-oriented crystal was sandwiched and glued between two graphite supports, and after that underwent both mechanical and ion polishing to obtain a thin and electrontransparent section. The high-resolution TEM (HRTEM) images and electron-diffraction (ED) patterns were acquired using an FEI Titan Cubed 60-300 electron microscope equipped with a high-brightness field emission gun, a Wien-type monochromator, a spherical-aberration (Cs) corrector for the objective lens system allowing atomic spatial resolution (0.9 Å), a Gatan K2-IS direct-detection camera with a 14.2-megapixel sensor able to sample images at rates up to 1600 full frames per second, and a post-column Gatan Image Filter (GIF) Tridiem 865. All thin crystalline sections were coated with a thin layer of carbon a few nanometres thick to prevent local charging and dissipate heat during the TEM observations. The HRTEM imaging was done at 300 kV tuning the Cs corrector with a negative Cs value (-15 μm) to maximize spatial resolution and the contrast of the atomic columns, respectively, in low-dose conditions (∼50 e -/Å 2 s) to limit beam damage of the crystals, and using the directdetection camera to maximize the signal-to-noise ratio. The Cs corrector allows collection of a vast extension of lattice frequencies -up to 11.1 nm -1 in reciprocal units -without reversals in the contrast transfer function (CTF), and extending the final resolution up to the information limit of the lens system. This advantage eliminates the need of objective apertures for HRTEM imaging. In particular, during the TEM analysis, the three samples were oriented correctly along the zone axes.
Zvyaginite thin sections exhibited feeble electronbeam damage despite the precautions taken for a correct and safe TEM imaging.
The TEM investigation of the samples revealed a band structure characterized by the alternation of defect-free bands and defective domains along the <001> direction. The defect-bearing bands, in turn, exhibited interleaving of {001} lamellae extended many hundreds of nanometres along the <110> direction, a few tens of nanometres along the <001> but very few tens of nanometres along the < 110> direction.
The [00 1] projection
HRTEM imaging along the 00 1 ½ zone axis showed large undisturbed regions of the crystal. The corresponding ED patterns contained g( 110) and g(110) reciprocal crystal directions forming an angle of 104°, but with no evidence of twinning or apparent streaking along these directions (Fig. 1a) . The 00 1 ½ diffraction features may be a direct indication of such a lamellar structure for zvyaginite, where {001} defect-rich domains are separated by extended and undisturbed crystal regions.
The lattice geometry characterization, extrapolated from Fourier-transform (FT) pattern analysis and direct-space imaging, shows planar (2D) cells with rhombic symmetry forming angles of ∼76°a nd ∼104°. The corresponding interplanar spacings are d( 110) ≈ 8.6 Å and d(110) ≈ 8.3 Å, in accord with the triclinic structure of zvyaginite described by the t 1 and t 2 translational vectors and the space group C1 (Fig. 1b) .
The [110] projection
Similarly, HRTEM investigation of crystal sections along the [110] zone axis also shows the presence of large and undisturbed domains. The corresponding ED patterns show apparent g( 110) and g(00 1) reciprocal axes forming an angle of 95° (Fig. 2a) . Again, there were no indications of any twinning or streaking along these main lattice directions, confirming the limited lateral width of the defective lamellae along the < 110> direction. The highmagnification HRTEM image displays 2D lattice cells with a quasi-rhombic geometry and internal angles of ∼85°and ∼95°, with d( 110) ≈ 8.6 Å and d(00 1) ≈ 11.5 Å (Fig. 2b ).
The [ 110] projection
The HRTEM images of zvyaginite along the [ 110] zone axis show a lamellar structure interleaved along the <001> direction. There are three different types of lamellae (type-I, type-II, type-III), on the basis of their electron contrast, crystallinity and internal structure, which alternate along the <001> direction. Type-I lamellae exhibit an even electron contrast and high-to-moderate crystallinity with a weak tendency to be amorphized on exposure to the electron-beam. These lamellae are directly related to the undisturbed zvyaginite structure. Type-II lamellae show a lighter electron contrast and scarce crystallinity that amorphizes completely during observation. Type-III lamellae display an electron contrast similar to type-I, but intermediate crystallinity due to a highly defective structure characterized by wavy and ill-defined lattice planes, which become amorphous under the beam (Fig. 3a) . The [ 110] ED patterns of zvyaginite thin sections display intense streaking along and parallel to the <001> direction, which can be ascribed to pervasive interleaving of {001} domains and their defective internal structure mainly due to the disorder in the heteropolyhedral sheets, which generate lamellae of different thickness and ion distribution. Electron diffraction indexing allowed straightforward identification of the g(110) and g(00 1) reciprocal axes, forming an angle of 104°, and the correct orientation of the lamellae with respect to the lattice vectors (Fig. 3a) . The distribution of the three types of lamellae was not the same across the crystals: type-I and type-II lamellae are ubiquitous, but type-III are sporadic. The typical HRTEM image of the [ 110] zone is shown in Fig. 3b , where only lamellae of type-I (darker electron contrast) and type-II (lighter electron contrast) can be identified.
Careful investigation of type-I lamellae revealed slight differences in their fine structure. A [ 110] HRTEM image of the undisturbed fine structure of zvyaginite is displayed in Fig. 3c d(00 1) (≈11.5 Å) form rhombic-shaped 2D lattice cells with internal angles of ∼76°and ∼104°, as expected. However, a few tens of nanometres from the undisturbed regions, the fine structure of type-I lamellae exhibits a small but noticeable change that may be correlated with the stacking of layers with a slightly different structure along the <001> direction (Fig. 3d) .
Chemical analysis
The crystal of zvyaginite used for the microprobe analysis is a plate (0.08 mm × 0.05 mm × 0.005 mm) where the edges have some curvature, and hence the data were collected in the central flat part of the plate.
The crystal was analysed with a Cameca SX-100 electron-microprobe operating in wavelengthdispersion mode with an accelerating voltage of 15 kV, a specimen current of 5 nA, a beam size of 20 μm and count times on peak and background of 20 and 10 s, respectively. The following standards were used: Si, Ca: diopside; Al: andalusite; F: fluoribeckite; Na: albite; Nb: Ba 2 NaNb 5 O 15 ; Fe: fayalite; Mn: spessartine; Zn: gahnite; Ti: titanite; K: orthoclase. Ta, Zr, Mg and Sr were sought but not detected. Data were reduced using the j(ρZ) procedure of Pouchou and Pichoir (1985) . For Na 2 O, 7.10 wt.% was achieved only for the first point and further attempts to analyse this grain again resulted in lower values for Na 2 O, ∼6.34-6.94, indicating diffusion of Na away from the excitation volume of the electron beam. To calculate the empirical formula of zvyaginite in accord with the structure results, we used the Na 2 O value from point 1. The chemical composition of zvyaginite is the mean of three determinations and is given in Table 2 . Our chemical analysis of zvyaginite is close to that of Pekov et al. (2014) except for the higher Na 2 O content 7.10 vs. 4.74 wt.% (Pekov et al., 2014) (Table 2) .
The empirical formula of zvyaginite was calculated on the basis of 22 (O + F) with two constraints derived from the crystal-structure refinement: (1) OH + F = 2 pfu and (2) X-ray data collection and structure refinement
We collected single-crystal X-ray data for zvyaginite crystals #1, #2 and #3 and refined their crystal structures using atom coordinates of Pekov et al. (2014) to R 1 = 15.78, 14.28 and 12.69%, respectively. However, we encountered the same problems that we outlined above: the ratios of U eq for cations at the Nb(1) and Nb(2) sites and Zn(1) and Zn(2) sites were 3:1 and 1:3, respectively; [6] Zn(2)-O(6) = 2.88 Å. We used direct methods to find another solution and were able to refine the structure in space group P1 to R 1 = 9.42% (Table 4) . Our new structure had a different origin when compared to the structure of Pekov et al. (2014) and was free of the problems outlined above. However we felt that the refinement of the structure of zvyaginite using a unit cell based on t 1 and t 2 translations would give us an opportunity to better understand the relation between zvyaginite and all other TS-block structures, especially epistolite. We used the transformation matrix (110 110 001) to go from the unit cell of Pekov et al. (2014) to the unit cell based on t 1 and t 2 translations, space group C1 (Table 4 ). The unit cell of Pekov et al. (2014) is a reduced cell with regard to the unit cell with space group C1. Below we give details of data collection and structure refinement using the C1 setting.
X-ray data for zvyaginite were collected for crystal #3 with a Bruker APEX II ULTRA threecircle diffractometer equipped with a rotatinganode generator (MoKα), multilayer optics and an APEX II 4K CCD detector. Details of data collection and structure refinement are given in Table 4 . The intensities of reflections with -14 ≤ h ≤ 15, -19 ≤ k ≤ 19, -16 ≤ l ≤ 16 were collected with a frame width of 0.5°and a frame time of 18 s, and an empirical absorption correction (SADABS, Sheldrick, 2008) was applied. The crystal structure of zvyaginite was solved and refined in space group C1 with the Bruker SHELXTL Version 5.1 (SADABS, Sheldrick, 2008) . The crystal structure of zvyaginite was refined to R 1 = 9.23% ( observed disorder of Na and □ (vacancy) at the A P (2) site and H 2 O and □ at the Wand X P A (2) sites, with A P (2)-W = 1.65 Å and X P A (2)-W = 0.61 Å. Scattering curves for neutral atoms were taken from the International Tables for Crystallography (Wilson, 1992) . At the last stages of the refinement, three subsidiary peaks were included in the refinement (scattering curve of Nb); these are probably due to the presence of type-II and type-III lamellae intergrown with zvyaginite (Fig. 3) . Final atom coordinates and equivalent displacement parameters are given in Table 5 , selected interatomic distances and angles in Table 6 , refined sitescattering values and assigned site-populations in Table 7 , and bond-valence values for selected anions in Table 8 
Site-population assignment
There are thirteen cation sites in the crystal structure of zvyaginite: the M H (1,2), A P (1,2) and four Si sites of the H sheet and five M O sites of the O sheet; site labelling follows Sokolova (2006) . The two [6] M H sites in the H sheet have refined site-scattering values of 36.5(3) and 36.0(3) electrons per formula unit (epfu) ( Table 7) and we assign all Nb plus some Ti to those two sites. In the O sheet, the refined site-scattering at the M O (1) site is 21.4(5) epfu (Table 7 ) and the bond-lengths around this site vary from 1.853 to 2.037 Å (Table 6) ; we assign the rest of Ti plus minor Al to the M O (1) site, with a calculated scattering of 21.37 epfu ( Table 7) .
The two [6] M O (2,3) sites occur in the O sheet. The refined site-scattering at the M O (2) site, 2.6(2) epfu, is slightly lower than 2.8(2) epfu at the M O (3) site (Table 7) , and the mean bond-length for the M O (2) site, 2.483 Å, is slightly longer than 2.479 Å at the M O (3) site (Table 6 ) and we assign (0.24 Na + 0.26 □) apfu to the M O (2) site and (0.18 Na + 0.03 Mn + 0.29 □) apfu to the M O (3) site, with calculated site-scattering values of 2.64 and 2.73 epfu, respectively (Table 7) . 
Si (1) (1) and A P (2) sites in the H sheet have refined site-scattering values of 7.9(2) and 3.0(3) epfu and mean bond lengths of 2.53 and 2.57 Å (Table 7) . We assign (0.55 Na + 0.09 Ca + 0.36 □) pfu to the A P (1) site and (0.20 Na + 0.04 K + 0.76 □) pfu to the A P (2) site, with calculated site-scattering values of 7.85 and 2.96 epfu, respectively (Table 7) .
We are left with 0.88 Zn + 0.70 Na + 0.14 Mn + 0.04 Fe 2+ (Table 2) (1) site (this work) corresponds to the two, Ti(1) and Ti(2), special sites (multiplicity 0.5 apfu) (Pekov et al., 2014) ; the special M O (2) and M O (3) sites (multiplicity 0.5 apfu) occupied mainly by Na at < 50% (this work) correspond to the general Na(1) site (Pekov et al., 2014) with 46% occupancy. **Anions that do not coordinate Si. Shannon (1976) ] is shorter than the <M O (5)-j> distance of 2.42 Å [with a calculated aggregate cation r = 1.14 Å, cf. O and A P polyhedra; four X P (M,A) = anion sites at the apical vertices of two M H and two A P polyhedra at the periphery of the TS block; labelling is in accord with Sokolova (2006) .
In the O sheet, the M O (1) site is occupied primarily by Ti with minor Al (Table 7) , and it is coordinated by four O atoms and two (OH,F) anions at the X O A sites as in epistolite (Figs 4a,b) . The ideal composition of the M O (1) site is Ti apfu. Note that Pekov et al. (2014) reported two Ti(1,2) sites, each occupied by 0.5 Ti apfu (Table 3) . The □-dominant [6] M O (2) and [6] M O (3) sites are less than 50% occupied by Na and Na with minor Mn, respectively (Table 7 Table 6 ). The ideal composition of the M O (2,3) sites is □ 0.5 + □ 0.5 = □ pfu ( Table 7 ). Note that Pekov et al. (2014) reported one Na(1) site, ideally □ pfu (Table 3) Table 6 ). The ideal composition of the M O (5) site is Na apfu. Note that Pekov et al. (2014) reported two Zn(1,2) sites with ∼ 60% occupancy by Zn (Table 3) , which ideally give Zn 2 apfu. These Zn(1,2) sites correspond to the M O (4,5) sites (Table 7) . The U eq of Zn atoms at the Zn(1,2) sites were in the ratio 1:3 (Pekov et al., 2014) , inconsistent with equal occupancy of those sites. The U eq of Zn and Na atoms at the M In the H sheet, there are four tetrahedrally coordinated Si(1-4) sites occupied by Si. There are two Nb-dominant O (5 and 4) and A P (1 and 2), with total bond-valence sums of 1.27 and 1.07 vu (Table 8 , Fig. 4a ) and we assign monovalent anions to these two sites: 1.11 OH + 0.89 F, ideally (OH) 2 pfu ( Table 7 ). The four X P (M,A) sites are occupied by H 2 O groups (Tables 8, Fig. 4c ) as in epistolite (Fig. 4d) (Sokolova and Hawthorne, 2004) . The X P M (1,2) and X P A (1) sites are occupied by H 2 O at 100% and the X P A (2) site at 24% (Tables  7) . There is a new W site (when compared to epistolite) which is occupied by H 2 O groups at 76% (Tables 5,7 ). The four X P (M,A) sites and the W site give (H 2 O) 4 pfu ( 
Structure topology of zvyaginite
The main structural unit in the crystal structure of zvyaginite is a TS block that consists of HOH sheets. The O sheet is composed of Ti-dominant M O (1), Zn-dominant M O (4) and Na-dominant M O (5) octahedra, with □-dominant M O (2,3) sites occupied mainly by Na at <50% (Fig. 4a) . In epistolite, Ti-dominant and Na-dominant octahedra constitute the O sheet (Fig. 4b) (1) polyhedra, with the □-dominant [8] A P (2) site occupied mainly by Na at 24% (Fig. 4c) . In epistolite, there is only one [8] A P site occupied mainly by Na at 59% (Fig. 4d) and Sokolova and Hawthorne (2004) (Fig. 5a,b) . Figure 6 shows H 2 O groups forming a ribbon along a. Analogous ribbons of H 2 O groups occur in epistolite (Sokolova and Hawthorne, 2004) . In zvyaginite, there is disorder of Na and □ at the A P (2) site and H 2 O and □ at the W and X P A (2) sites, where Na at the A P (2) site (24% occupancy) and an H 2 O group at the X P A (2) site (24% occupancy) occur at short distances from an H 2 O group at the W site (76% occupancy), 1.65 and 0.61 Å, respectively (Table 6 , Fig. 4c ). We suggest that two shortrange-order arrangements around the A P (2) site are possible: (1) the A P (2) and X P A (2) sites are locally occupied by Na and H 2 O and the W site is vacant; (2) the A P (2) and X P A (2) sites are locally vacant and the W site is occupied by H 2 O (Fig. 6) .
We conclude that (1) the general topology of the crystal structure of zvyaginite described above is in accord with Pekov et al. (2014) ; (2) the stereochemistry of Ti, Zn and Na in the TS block, especially for the O sheet, is different from that reported by Pekov et al. (2014) ; (3) doubling of the t 1 and t 2 translations of zvyaginite, a zvy = 10.769, b zvy = 14.276 Å, relative to those of epistolite: a epi = 5.460, b epi = 7.170 Å (Fig. 4b) , is due to order of Zn and Na along a (t 1 ) and b (t 2 ) in the O sheet of zvyaginite.
The ideal structural formula of zvyaginite Above, we wrote the ideal structural formula of zvyaginite based on the occupancies of the cation and anion sites. Here, we write the ideal structural formula of zvyaginite in accord with Sokolova (2006) ; we use the general structural formula of the lamprophyllite-group mineral epistolite: A (2) The crystal structure of zvyaginite has been revised: space group C1, a = 10.769(2), b = 14.276(3), c = 12.101(2) Å, α = 105.45(3), β = 95.17(3), γ = 90.04(3)°, V = 1785.3(3.2) Å 3 , R 1 = 9.23%, Z = 4. The general topology of the crystal structure is in accord with Pekov et al. (2014) : it is an array of TS blocks connected via hydrogen bonds between H 2 O groups. However the stereochemistry of the TS block is different from that of Pekov et al. (2014) : the choice of a new origin in the crystal structure of zvyaginite reveals order of Zn and Na in the O sheet of the TS block of the composition [NaZn□TiO 2 (OH) 4 . Zvyaginite is a Zn-bearing and Na-poor analogue of epistolite.
(4) Epistolite and zvyaginite are related by the following substitution in the O sheet of the TS-block: (Na þ 2 ) epi ↔ Zn 2þ zvy + □ zvy . The doubling of the t 1 and t 2 translations of zvyaginite, a zvy = 10.769, b zvy = 14.276 Å, relative to those of epistolite: a epi = 5.460, b epi = 7.170 Å, is due to the order of Zn and Na along a (t 1 ) and b (t 2 ) in the O sheet of zvyaginite.
(5) The TEM investigation revealed a band structure characterized by the alternation of defectfree bands and defect-rich domains along the <001> direction. The defect-bearing bands, in turn, exhibit interleaving of {001} lamellae extended many hundreds of nanometres along the <110> direction, a few tens of nanometres along the <001> and very few tens of nanometres along the < 110> direction. Khomyakov (1995) coined the name transformation minerals for vuonnemite, ideally Na 6 Na 2 Nb 2 Na 3 Ti(Si 2 O 7 ) 2 (PO 4 ) 2 O 2 (OF) (Ercit et al., 1998) and epistolite, ideally (Na□) Nb 2 Na 3 Ti(Si 2 O 7 ) 2 O 2 (OH) 2 (H 2 O) 4 , meaning that epistolite is formed by ion-exchange from vuonnemite, a precursor mineral of related structure. The interleaving of well-crystalline zvyaginite with lamellae of poor crystallinity and undulating lattice planes supports the idea of Pekov et al. (2014) that epistolite and zvyaginite are transformation minerals, too.
